Alzheimer's disease (AD) patients have been reported by caregivers to display "behaviors from past self-identities" (BPSI); however, there is little known about these distinct behaviors. This study, the first to explore BPSI, hypothesized that BPSI were associated with self-memory and cognitive impairments. Its purpose was to determine if AD subjects with and without BPSI differed on measures of autobiographical memory, selective attention, and fluency. The cross-sectional design compared 35 moderatestage AD subjects from an AD research center. Subjects demonstrating BPSI (37 percent) recalled significantly fewer recent autobiographical memories than AD subjects without BPSI. The results establish BPSI as a common behavior among moderate-stage AD patients and suggest that paucity of recent self-memories contributes to BPSI.
Introduction
Alzheimer's disease (AD) patients experience distressing self-memory loss (SML) that occurs in a temporal gradient pattern exemplified by better recall of past than present self-memories. 1 This SML pattern may contribute to distortions in self-identity and is hypothesized to contribute to a newly characterized dementia behavior, "behaviors from past self-identities," or BPSI. 2 BPSI are defined as statements and actions that are consistent with accurate past self-memories, yet displayed without awareness of temporal incongruence. They include statements such as "going to work" or "looking for my children," and actions such as elopement, writing reports, and packing a suitcase. Pilot work found that 25 percent of family caregivers reported observing BPSI in the past month. 2 A unique self-memory and cognitive skills profile was hypothesized to contribute to BPSI. Thus, the study's purpose was to determine if SML patterns and the cognitive skills in selective attention and fluency contribute to BPSI.
Background AD patients experience loss in memories about their "self," 3 "self-identity," 4 and "persistence of self." 5 Specific patterns of neuropathology underpin memory and cognitive changes in individuals with AD. [6] [7] [8] [9] Lesions first appear in the medial temporal lobe 6 and slowly destroy neurons in the hippocampus (HPC) responsible for recent memory, meaning information encoded in the past two years. [7] [8] [9] Lesions then spread along nerve pathways to the temporal-parietal and frontal lobes, as confirmed by studies of hypoperfusion, 10 volume reduction, 11 and density of plaques. 12 Density of plaques correlates with impaired cognitive function 12 and loss of remote memory, meaning information stored two or more years ago. 13, 14 Thus, AD neuropathology patterns result in recent memory loss early in the disease followed later by loss of remote memory and cognitive skills.
Remote memories become impaired in two ways. Loss of remote memory occurs in a backward temporal order, 15 meaning there is better recall of early adulthood remote memories than later adulthood memories. 16, 17 Remote memories also lose connections to the correct time period, namely, patients cannot distinguish whether a memory is from yesterday or 30 years ago. These patterns of remote memory loss have critical clinical implications and may contribute to BPSI.
AD patients experience patterns of memory loss in self or autobiographical memory, defined as all personally relevant events and facts, past and present. 18 First, memories of past personal incidents or events are lost in the mild stage of AD, 17 then memory loss progresses to personal facts, 18 usually in the moderate stage. Autobiographical memory loss also demonstrates a temporal gradient loss, with more self-memories recalled for earlier life periods. Temporal loss of self-memory is hypothesized to influence one's self-identity. 4 SML alone is probably not sufficient for the presentation of BPSI, however. Changes in the cognitive skills of selective attention and verbal fluency that influence access to self-memory may also be necessary. Selective attention refers to the ability to shift focus from one stimulus to another, 19 and verbal fluency refers to the ability of searching memory for examples of information. Moderate-stage AD patients demonstrate impaired selective attention and verbal fluency skills. 19, 20 Impairment in these cognitive skills may be important in BPSI development. Therefore, the BPSI conceptual framework hypothesizes that BPSI develops among AD patients due to a unique memory and cognitive profile, namely, sparing of remote self-memory, slowing of selective attention, and spared fluency.
Three hypotheses were tested in this study. When compared to AD subjects who have never demonstrated BPSI, AD subjects with BPSI were hypothesized to 1) recall more autobiographical memories, 2) have slower selective attention skills, and 3) have better verbal fluency skills.
Methods
This cross-sectional descriptive study examined 43 mild-to moderate-stage AD subjects. The convenience sample was drawn from patients enrolled in the University of Michigan Alzheimer's Disease Research Center (ADRC) with a diagnosis of "probable AD." 21 The University of Michigan Institutional Review Board approved the study protocol in 2001. Informed consent was provided by a spouse or child, and assent was given by each subject on enrollment. Inclusion criteria were a Mini-Mental Status Examination (MMSE) 22 score in the ADRC database 23 of 10 to 24 and a family caregiver interested in participating. Subjects were excluded if they had 1) an age less than 60 years, 2) severe sensory deficits, 3) a history of central neurological impairment, 4) major depression in the past six months, 5) a major medical illness in the past three months, or 6) a primary language that was not English.
One hundred and ten potential participants were recruited. Sixty-three family caregivers refused to participate, with many citing the distress that AD patients experienced during memory testing procedures. Fortyfive AD subjects and family caregivers were enrolled. There were no significant differences in age, education, MMSE, or place of residence between AD subjects and potential participants. Two AD subjects were eliminated before analyses due to sensory impairments and dementia severity. The sample size was 43 AD subjects; eight in the mild stage, and 35 in the moderate stage.
The sample was 98 percent white (n = 42) and 55 percent male (n = 24). Most subjects (75 percent) lived at home, and 70 percent had a spouse as primary caregiver. Mean age was 76.86 ± 7.3 years, and mean education was 14.05 ± 2.3 years. The majority of subjects (94 percent) were taking cholinesterase inhibitors, whereas 52 percent were on antidepressants, and 18 percent were on antipsychotic medications. Group assignment (i.e., no BPSI/BPSI) was determined with the BPSI screening questionnaire, which was administered by a research assistant before the interview and was not disclosed to the researcher until after a completed interview.
Measures
In pilot work, screening questions to identify BPSI were developed and tested with family caregivers of mild-to moderate-stage AD patients attending a university memory disorder clinic. 2 Expert and criterion content validity was established. 2 Inter-rater agreement was acceptable with an = of 0.91. All questions demonstrated significant (p < 0.01) positive Pearson correlations between raters. Assignment to the BPSI group was made if there was a positive response of "yes" to questions 1 and 3 (Table 1) .
Screening questions for BPSI were administered by a nurse practitioner research assistant. Interview data were collected by the principal investigator. Data for demographic characteristics and medication use were collected from health history questionnaires completed by primary family caregivers during the interview. Dementia severity was determined at the beginning of the interview with the MMSE. Autobiographical memory was measured with the Autobiographical Memory Index (AMI), 24 a semi-structured interview testing two types of self-memory: semantic and episodic. AMI answers were verified with family caregivers after the interview. Selective attention was tested with the Trail Making Test (TMT) 25 and Stroop color/word test. 26 Scores for TMT Part A were subtracted from TMT Part B to arrive at TMT B-A scores. 25 Fluency was tested with Controlled Oral Word Association (COWA), with scores adjusted for age and education. 25 
Data analyses
Data were entered into SPSS version 11.0 (SPSS, Inc., Chicago, IL), 26 and analyses included t-tests or Mann-Whitney U tests. The = was set at p = 0.05. Gender, place of residence, and antipsychotic medication use did not meet the assumption of normal distribution and were analyzed with Mann-Whitney U. Cronbach = for COWA, TMT B-A, Stroop, and AMI were acceptable at 0.89, 0.78, 0.79, and 0.91, respectively. Validity was measured with correlation to MMSE scores, and all measures had significant correlations, ranging from 0.41 to 0.72. There were no significant correlations between age or education and any AMI scores, and no significant differences between genders on any AMI scores. In the results that follow, AD subjects without BPSI are referred to as AD subjects, whereas AD subjects with BPSI are referred to as BPSI subjects.
All variables except use of antipsychotic medication and residence met assumptions of normal distribution. Differences between BPSI and AD subjects on antipsychotic medication approached significance (U = 107.5, p = 0.096), but there was no significant difference between the groups on MMSE. Significant gender differences emerged on TMT B-A scores (U = 121, p = 0.009), with men scoring slower (? =23 ± 14.2) compared to women (? = 12.6 ± 7.6). No other significant gender differences emerged on other measures.
Results
Analyses found AD and BPSI subjects were significantly different on MMSE at time of interview (t = 2.6, p = 0.017), with AD subjects scoring higher (? = 17.7 ± 4.6) than BPSI subjects (? = 14.1 ± 3.8). Thus to reduce potential variation in dependent measures due to differences in MMSE scores, AD subjects whose MMSE scores were outside the range of BPSI subjects were eliminated. The highest MMSE score for BPSI subjects was 20, therefore, eight AD subjects who scored 21 or above on MMSE were eliminated from the sample. The remaining 35 subjects reflected moderate-stage AD, with MMSE scores ranging from 20 to 8, and did not differ significantly from the total sample in demographics of age, education, residence, and caregiver.
The 35 subjects with moderate-stage dementia in this subset of the total sample had a mean MMSE score of 15.1 ± 4.2. Thirteen subjects were in the BPSI group and 22 in the AD group. Mean age was 76.14 ± 7.6 years and mean education was 14.1 ± 2.4 years. Slightly more than one-half (57 percent) of the sample was male, 98 percent were white, 94 percent were on cholinesterase-inhibitor medication, 23 percent were on antipsychotic medications, and 49 percent were on antidepressant medication. Most subjects (74 percent) lived at home and had a spouse as primary caregiver (71 percent) ( Table 2) . The memory results were unexpected. BPSI subjects were significantly worse (t = 2.96, p = 0.006) on recent semantic memory compared to AD subjects. AD subjects recalled more recent memories (? = 2.7 ± 1.6 memories) than did BPSI subjects (? = 1.2 ± 1.3 memories) ( Table 3 ). BPSI subjects also recalled fewer remote incident memories (? = 4.9 ± 3.8) than AD subjects (? = 6.9 ± 4.5), although these differences did not reach significance (t = 1.3, p = 0.20). Only on remote semantic memory did BPSI subjects score similar (? = 22.5 ± 9.0) to AD subjects (? = 21.4 ± 7.6). Lower recent semantic memory scores indicate that BPSI subjects have fewer memories about recent people and places in their life than similar-stage AD subjects. These group differences in recent memory were not expected given the groups' similar MMSE scores.
On testing the selective attention hypothesis, a trend emerged that revealed the BPSI subjects' scores were slower than AD subjects. On the TMT B-A, BPSI subjects' scores (? = 24.7 ± 13.3 seconds/item) were poorer than AD subjects (? = 17.8 ± 12.6 seconds/item); however, these differences did not reach significance (t = -1.52, p = .138) ( Table 3) . BPSI subjects were also slower on Trail A (? = 6.2 ± 4.7 seconds/item) and Trail B (? = 27.7 ± 9.7 seconds/item) than AD subjects (? = 5.5 ± 3.5 seconds/item and ? = 23.3 ± 13.1 seconds/item), but these differences did not reach statistical significance. When reading Stroop Words, BPSI subjects (? = 42.4 ± 12.0) were significantly slower (t = 2.9, p = 0.036) than AD subjects (? = 55.5 ± 19.5). There was no significant difference between BPSI and AD subjects on Stroop Color/Word, however, and therefore the selective attention hypothesis was not supported. The third hypothesis, that BPSI subjects had better verbal fluency than AD subjects, was also not supported ( Table 3) .
In summary, when comparing moderate-stage AD subjects with and without BPSI, the analyses revealed that subjects with BPSI had 1) fewer recent self-memory for personal facts, 2) slower reading times on Stroop word, 3) a trend for slower selective attention on Trail B-A, and 4) no difference in fluency scores.
Discussion
This study provides further evidence of the distressing effect of SML for AD patients. The finding that AD subjects with BPSI remembered significantly fewer recent self-memories when compared with AD subjects who had never demonstrated BPSI suggests that loss of recent self-memory is indeed associated with BPSI. This finding was especially interesting because the groups had similar performances on remote self-memories. Thus, although AD patients are impaired in recent memory, those with severe impairment of recent self-memory while maintaining remote self-memory appear to be at risk for BPSI. Examples of recent self-memories that were tested included recall of where and with whom they spent last Christmas and a vacation trip taken in the past two years. Many BPSI subjects were unable to recall any memories or to accurately recall these memories, despite the task being untimed. This result was unexpected because the correct response about whom they were with at Christmas and vacation was often the family caregiver who had accompanied them to the interview. We had expected a priming effect on the response and, for this reason, placed the question at the end of the one-hour interview. Thus, results suggest that severely impaired recent self-memory may contribute to over reliance on past self-memories for one's self-identity.
We had hypothesized that BPSI subjects would recall more past self-memories with the assumption that increased number of past self-memories underpin the behaviors from past self-identity. Instead, severe loss in recent self-memory was associated with BPSI and suggests that BPSI subjects have so few (if any) recent self-memories that they are dependent on remote selfmemories for their self-identity. Thus, it is not the number of past self-memories that underpin BPSI, but a relative absence of recent self-memories that drive BPSI.
This recent self-memory finding is especially noteworthy given subjects' similarity on MMSE scores. This is the first study we know of that demonstrates a subset of moderate-stage AD patients whose performance on recent memory was significantly worse. Other recent memory studies in AD populations have reported floor 27 the delayed recall of word list, word list recognition, and visual design. 28 Autobiographical memory studies have not reported recent self-memory differences among AD subjects. 17, 18, 29 This study differed from previous studies by its inductive design, however, in which AD subjects with a clearly identified clinical behavior were compared to those without. Thus, although a common assumption in studies has been that all AD subjects are similar in loss of recent self-memory, this assumption may require reevaluation.
The recent memory loss assumption is partially based on physiological evidence demonstrating that recent memory is encoded and stored in HPC, 30, 31 and retrieval is influenced by HPC function. [32] [33] [34] [35] Neuroimaging studies of early stage AD subjects consistently report HPC 7, 8 and subiculum 9 volume reduction that are significantly correlated with word recall and global memory scores. 35 Performance on delayed-recall tasks is also associated with HPC volume reduction and is a sensitive measure for distinguishing normal from very mild AD subjects. 11 Thus, the assumption that AD subjects do not differ on recent memory loss has generally been supported by neuroimaging and neuropsychological evidence.
Our finding of significant differences in recent selfmemory with a group of moderate-stage AD subjects supports recent studies that demonstrate differences in the presentation and disease course among AD subjects. 36 Perhaps AD patients demonstrating BPSI are a subset of AD patients with accelerated cholinergic dysfunction. The cholinergic hypothesis of AD posits that many AD-related memory, cognitive, and behavior symptoms are secondary to impairment of cholinergic transmission, 37 which is critical to neural networks involving the HPC, frontal, and temporal lobes. These neural networks integrate cognition and behavior 38 and influence self-memory storage and retrieval. 18 Temporal features of memories are also associated with HPC function. 17 Therefore, one proposition is that AD subjects demonstrating BPSI may be experiencing precipitous loss in cholinergic activity, first observed in HPC-dependent tasks such as recent memory and temporal features of memories. As cholinergic loss progresses, impairment and slowing of frontal functions such as selective attention occur and compound the accelerated recent self-memory loss. BPSI patients may not be able to encode recent selfmemories, and their slowed selective attention skills are focused on retrieving remaining remote self-memories. Support for a relationship between cholinergic activity and BPSI comes from clinical trials of cholinesterase inhibitors. [39] [40] [41] [42] [43] Studies reveal diminished dementia behaviors among moderate-to severe-stage AD subjects maintained on cholinesterase inhibitors. [40] [41] [42] [43] However, the spectrum of responses to cholinesterase inhibitors among AD patients [39] [40] [41] [42] [43] [44] suggests cholinergic receptor activity variation owes to individual factors still under investigation. 42, 44 Thus, individual factors responsible for reduced cholinergic activity may contribute to development of BPSI among moderate-stage AD subjects that is first observed in HPC-dependent measures such as recent self-memory. Therefore, one hypothesis that could account for the unique memory profile of subjects with BPSI is an accelerated cholinergic deficit.
Several limitations of the study must be recognized: 1) this was the first study to examine BPSI, and it therefore represents pilot data on memory and cognitive features associated with BPSI; 2) the use of a convenience and relatively small sample, limited to those caregivers in one site who were enrolled in an ADRC, does not allow broad generalization; and 3) the recent self-memory data were limited to the four questions included in the autobiographical memory interview measure. 24 Few dementia studies report on autobiographical memory, and its measures are limited. Future studies need to develop methods that further explore recent self-memory.
In conclusion, this is the first study to characterize BPSI, a common but poorly understood dementia behavior. Evidence for a relationship between BPSI and near absence of recent self-memory was found but requires further support with larger and more diverse samples. Clinical implications focus on identifying patients who display BPSI and initiating pharmacological and nonpharmacological interventions that delay further loss of recent self-memories. Future studies need to evaluate the trajectory of recent self-memory loss and test interventions.
